The APACHE III derived standardized mortality ratio has been suggested as a statistic to measure intensive care unit (ICU) effectiveness. From 1991 data collected on 519 consecutive admissions to the Royal Adelaide Hospital ICU a standardized mortality ratio of 1.25 was calculated. Of the 174 deaths only 95 had a prediction of death greater than 0.5. As part of a quality assurance study we undertook a retrospective case note audit to try to identify factors that were associated with the low mortality prediction (<0.5) in hospital deaths.
The standardized mortality ratio (SMR) has been suggested as a statistic to measure intensive care unit (ICU) effectiveness 1-3 . The SMR is derived from the ratio of observed or actual deaths to the number of deaths predicted to occur over a given period of time. The number of predicted deaths is determined by the use of severity of illness scoring systems that over large groups of critically ill patients have been validated to estimate mortality rates. One such system, the Acute Physiology, Age and Chronic Health Evaluation (APACHE) developed by Knaus et al in the early 1980s has grown from a system that broadly classified patients and predicted outcomes in patient groups 4 to a commercial package that has been refined to predict individual patient outcomes 5 . By recording the worst measurements of 17 physiological variables in the first 24 hours of intensive care admission, along with an age and chronic health score, an APACHE III score is obtained. Conversion of this score to a hospital mortality prediction is determined by applying weightings for various disease categories as well as logistic regression techniques, which are proprietary. APACHE III has been validated by its authors 6, 7 and others 8 .
The significance of APACHE-derived SMRs is controversial. In a study of nine United States ICUs with 3,672 admissions, expert assessors could not distinguish the units with superior risk adjusted survival by an on-site analysis of organizational practice 2 . The Intensive Care Society's APACHE II study in Britain and Ireland concluded that the use of the American equation could be of advantage or disadvantage to individual intensive care units depending on mix of patients treated 9 . The potential problem that poorly performing units may have increased hospital mortality prediction as well as actual mortality, and thus little or no change in standardized mortality compared to more effective units, was cited by Boyd and Grounds 10 . This argument however, remains unsubstantiated and attracted correspondence that disputed this theoretical problem [11] [12] [13] .
In 1991, as part of a funding study of intensive care, APACHE III predicted hospital mortality rates were derived. Over an eight-month period, 519 ICU admissions were analysed in our institution. From the raw data provided to APACHE medical systems a SMR of 1.25 was calculated. Of the 174 observed deaths only 95 had a prediction of death of greater than 0.5. In this study we undertook a retrospective case note analysis of all 519 patient admissions to determine what may have caused the excess mortality.
MATERIALS AND METHODS

Hospital and ICU Information
The hospital ethics committee approved the retrospective review of patients case records. Data was collected from 560 consecutive admissions to the 11-bed ICU at the Royal Adelaide Hospital (RAH), from January 1 to August 31, 1991. The RAH, with 818 acute care beds for adults, that along with two other institutions provided tertiary referral services to a population of one million people in Adelaide (separate institutions provided obstetric, neonatal and paediatric services). The RAH also provided tertiary referral services to the sparsely populated central outback regions of Australia, an area which included South Australia, Northern Territory and far western regions of both New South Wales and Victoria. The RAH at the time of the study provided the only burns, spinal, hyperbaric and public hospital cardiac surgery facilities for this population.
The ICU was an 11-bed combined medical/surgical unit. Routine coronary care and postoperative cardiothoracic patients were managed in separate units. Burns and spinal patients were managed in the ICU until organ system support was no longer required and patients were then managed in their respective separate units. Of note, patients admitted to a separate eight-bed high dependency unit, adjacent to the ICU and managed by ICU staff, were not included in this study.
The ICU had all the services and facilities of a level three unit as prescribed by the Faculty of Intensive Care, Australian and New Zealand College of Anaesthetists 14 . All critical care management decisions were made by five certified critical care consultants who staff the unit seven days a week and were on call at night. Junior and senior residents, most commonly in anaesthetic training, staffed the unit 24 hours a day, seven days a week.
The full-time nurse manager is certified in critical care nursing, as were 50% of the nursing staff. Nursing to patient ratio is always 1:1.25 and on occasions more. Active ongoing educational and research programs occur in both nursing and medical areas and unit management policies are well documented and freely available.
Data Collection
From January to August 1991 all patients admitted to the ICU were enrolled in a costing study in which demographic, clinical, disease category, therapeutic and costing data were prospectively collected. Data for APACHE III calculation were collected by a dedicated research registered nurse according to APACHE Medical Systems Inc documented specifications 15 . The only variance from these specifications was that daily data collection began at 1200 hours rather than 0800 hours. All other requirements were strictly adhered to. Data was transferred to software supplied by APACHE Medical Systems Inc. The first days APACHE III score and prediction of hospital mortality were calculated by logistic regression equations that remain proprietary to APACHE Medical Systems Inc.
Retrospectively, the case notes, Intensive Care Unit records and APACHE raw data were analysed by two Intensive Care Specialists (MDB, THG). Data were then recorded with regard to the patient's co-morbidities, condition during ICU presentation and problems encountered during ICU admission (Table 1) . 172 
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Anaesthesia and Intensive Care, Vol. 28 It was also determined whether patients died after withdrawal of ICU treatment and if the death actually occurred in the ICU. An arbitrary cut off point of 0.5 for APACHE III predicted mortality was selected to separate low from high mortality predictions. Firstly we analysed the patient population that died to determine what were the factors that were different between patients who had a mortality prediction of greater than 0.5 and those who had a mortality prediction of less than 0.5. We then analysed the patient population with a prediction of death of less than 0.5. Within this population we compared actual survivors with the patients who died.
Statistical Analysis
Statistically significant differences between groups were determined using Student's t test for continuous variables and Fisher's Exact test for categorical variables. Significance was determined at a level of P<0.01 because of multiple comparisons.
RESULTS
From this cohort of 560 admission episodes to our ICU, 41 were excluded. They were either postoperative cardiothoracic, had inadequate data collected or had ICU admissions of less than four hours. Of the 519 patients reviewed in this study, 174 died in hospital. These 174 in hospital deaths constituted 95 patients with an APACHE III mortality prediction of >0.5 and 79 with a prediction of <0.5. There were 389 patients with a mortality prediction of <0.5. Of these, 310 survived and 79 died in hospital (Table 2) . Table 3 lists the factors that were identified to be significantly different between patients who died with a prediction of mortality of <0.5 (n=79) versus those that died with a prediction of mortality of >0.5 (n=95). Table 4 lists the factors that were identified to be significantly different between patients that actually survived (n=310) and those that died (n=79) in the sample of patients admitted to ICU with a prediction of mortality of <0.5 (n=389).
The calibration curve for the APACHE III equa-tion applied to our data is shown in Figure 1 . This showed that as the predicted risk of dying in hospital increased (X axis) so did the proportion of patients who were actually observed to die (y axis). Despite the relatively small numbers, the observed mortality for two of the predicted risk groups (10 to 20% and 50 to 60%) lay significantly above the diagonal line (which represents the relation where observed and predicted deaths are equal). The area under the curve for the receiver operating characteristic for the APACHE III equation applied to our data was 0.80.
DISCUSSION
The aim of this study was to identify factors associated with increased mortality in patients with a low prediction of mortality based on the APACHE III system. We arbitrarily took a cut-off point of mortality prediction by APACHE III of 0.5 to delineate low from high mortality prediction. We then analysed all patients who died to determine if there were any significant differences between the high and the low mortality prediction groups. We did a similar analysis of all patients with a mortality prediction of less than 0.5 to determine if there were any significant differences between patients who died and those who survived. The analysis of all patients who died showed that the high and low mortality prediction groups showed no significant difference in most parameters that were looked at in this study. This we found somewhat surprising as the APACHE III system had a mean prediction of hospital mortality for the low prediction group of only 0.244, whereas the high mortality prediction group had a mean mortality prediction of 0.733 (P<0.01). The only significant differences in our analysis of these two groups were that patients in the high mortality prediction group more frequently presented to Intensive Care Unit with an elevated creatinine (44.2% vs 24.1%, P<0.01) or after out of hospital cardiac arrest (20.0 vs 1.3% P<0.01) and most commonly died in the Intensive Care Unit (84% vs 53%, P<0.01).
Out of these three factors only the presentation to Intensive Care Unit with an elevated creatinine could directly contribute to an elevated APACHE III score. If these patients were oliguric according to the APACHE III criteria, double points for the creatinine score would have been allocated but only if the oliguria occurred in the first 24 hours of ICU stay. However when we looked at the development of acute renal failure over the entire Intensive Care Unit stay for these patients, there was little difference between the high and low mortality prediction groups (49.5% vs 43.0%, P=0.45). At least some of the low mortality prediction group would have developed acute renal failure after the first 24 hours and no APACHE III points would be allocated. The late (i.e., later than the first 24 hours) development of acute renal failure carries the same prognosis for inhospital acute renal failure as early onset acute renal failure [16] [17] [18] [19] [20] [21] . However, without the appropriate mortality prediction risk alteration for this group of patients, the SMR will increase. The clinical practice in our unit was to aggressively treat patients with multiorgan failure up to the point that they developed acute renal failure that required dialysis. At that point, the management plan was to discuss the situation with the family and if we felt that continued treatment was futile and the family agreed, treatment was withdrawn. This inevitably resulted in the demise of the patient. Even with this practice our overall survival rate from patients with acute renal failure in the whole patient population was consistent with other studies at 35.7% [16] [17] [18] [19] [20] [21] . The poor survival of out-ofhospital cardiac arrests in this study is consistent with other studies that show a 5 to 13% survival to discharge for these patients [22] [23] [24] [25] [26] [27] [28] .
The final significant difference between patients who died with a lower mortality prediction and those who died with a higher mortality prediction was the place of death. Eighty-four per cent of the high mortality group died in the Intensive Care Unit or shortly after having had treatment withdrawn. By contrast only 53% of the low mortality prediction died in the Intensive Care Unit or after having treatment withdrawn. We classified these as late hospital deaths. Although not reaching significance at the 0.01 level there were more postoperative patients (51.9% vs 33.7, P=0.02), particularly those who underwent massive ablative surgery (e.g., oesophagectomy, lung resection) (10.1% vs 1.1%, P=0.012) in the lower prediction of mortality group who died. These data are consistent with our clinical practice of offering Intensive Care Unit support to these patients postoperatively, and when they are stable, transferring them to the parent clinic for care on the ward. These patients, like all those referred from the wards, were not accepted for Intensive Care Unit admission if we felt such care would be futile.
Within the patient population with low mortality prediction we found the following factors to be significantly different between the patients who died and the survivors; increased age (59.7 vs 51.5 years, P<0.01), presentation after in-hospital cardiac arrest (16.5 % vs 1.0%, P<0.01), a past medical history of acute myocardial infarction (19.0% vs 7.7%, P<0.01), development of septicaemia in the Intensive Care Unit (27.8% vs 5.5%, P<0.01) presentation to the Intensive Care Unit with an elevated creatinine (24.1% vs 8.7%, P<0.01) and development of acute renal failure in the Intensive Care Unit (43.0% vs 5.5%, P<0.01). With the exception of acute renal failure (again only in the first 24 hours) and age, none of these factors will change the APACHE III score. Adequate resuscitation of in-hospital cardiac arrest patients often mandates Intensive Care Unit admission despite the very poor prognosis of these patients.
The methodology used in this study was simply to perform a retrospective casenote analysis of all patients in the study period. We tried to determine some of the factors that differentiated the patients who died with a low probability of mortality prediction from the remainder of the study population. Our findings are summarized above. Clearly there was some discrepancy between our clinical practice and the prediction of mortality model that the APACHE score provided. In this analysis the APACHE model gave a reasonable discrimination to the study population with an area under the receiver operating curve of 0.8. This would indicate that the APACHE III model applied to our study population gave a reasonable distinction in the prediction of patients who would survive. However the calibration curve for the APACHE III model gave a relatively poor goodness of fit, particularly in the lower predicted risk of mortality strata. The SMR is simply the summary of the complete calibration curve. The combination of relatively good discrimination but poor calibration is not uncommon when general medical/surgical ICU severity models (APACHE, simplified acute physiology score (SAPS), mortality probability model (MPM) and paediatric risk of mortality (PRISM)) are applied in new settings [29] [30] [31] [32] [33] . The poor calibration of the APACHE III model to our data could be due to one or more of four possibilities; 1. inappropriate or bad model, 2. differences in casemix, 3. substandard quality of care, 4. poor data collection. It was not the aim of this study to try to determine the reason for the poor calibration of the APCAHE III model to our study population. However our analysis did raise a number of possibilities that could be scrutinized by further analysis. In this study we examined the entire medical record, paying particular attention to events prior to ICU admission and the clinical course during ICU admission. The APACHE system takes the worst score for a number of physiological variables documented in the first 24 hours of ICU admission, along with weightings for age, chronic illness and current diagnostic category to derive a prediction of mortality. Importantly, no evaluation is made on what happens prior to ICU admission and after the first 24 hours. Of significance, we documented that in the low mortality prediction group who died there was a strong association with development of septicaemia and acute renal failure during the ICU admission.
There is also the suggestion that the casemix in U.S. and Australian ICUs may be different 34 . The availability of ICU beds is around 10% of the total bed population in the U.S., whereas it is closer to 1% in Australia. Easier access to these beds may suggest that the casemix is different. The APACHE Medical Systems report to the Royal Adelaide Hospital highlights some significant differences in casemix between the RAH study population and the total APACHE III database 35 . Notably, congestive cardiac failure, elective vascular and gastrointestinal surgery figure significantly in the total APACHE III database. The RAH casemix on the other hand had greater postoperative emergency diagnostic categories (21.4% vs 9.0%). Not surprisingly the death rate for emergency procedures versus elective procedures was greater (29.8% vs 11.1%). In our study only patients who require organ support are admitted to ICU. Less dependent patients are admitted to an adjacent eightbed high dependency unit. These patients were not included in the study. It is our impression that these HDU type patients often manifest physiological abnormalities (e.g., asthma, gastrointestinal haemorrhage, some degrees of neurological obtundation, diabetic ketoacidosis, other biochemical abnormalities) but generally make a good recovery by virtue of their lack of end organ failure. Thirdly there is the question of quality of care. As described above, our unit took a fairly assertive stance in not offering prolonged intensive care support to patients who it was felt would not benefit from such support. If all the consultant staff were unanimous in this regard to a particular clinical situation, then treatment was withdrawn unless the family had strong objections to the contrary. This inevitably resulted in the death of the patient. It is certainly conceivable that in certain situations, prolonged intensive care support could lead to hospital discharge, even though the quality of life of such patients would be questionable.
Finally, the quality of data collection could be a problem 36 . Usually in the Intensive Care Unit, the APACHE data is collected by the Intensive Care Unit Registrar on discharge of the patient. For prolonged lengths of stay this task may be difficult. Inaccurate data may be collected by junior medical staff who have not been trained in the subtleties of APACHE data collection. For these reasons, during the study period a registered nurse was trained in the task, and this one person collected all APACHE data. However, this data collection was not tested for reproducibility.
In summary we suggest that there are factors other than the APACHE score that may contribute to ICU patient outcome. These include pre ICU management and events occurring during the ICU stay. Amongst low mortality prediction patients admitted to our ICU we identified age, a history of acute myocardial infarction, presentation to ICU after a cardiac arrest or with an elevated creatinine and the development of acute renal failure and septicaemia during the ICU admission as being associated with hospital mortality. We also documented that the hospital deaths on the wards also occurred more frequently with low predicted hospital mortality ICU patients. This study adds further weight to the increasing evidence that the application of an outcome prediction model to a new population should only be done after validation of the model in that population 37 .
